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ABSTRACT 


Laboratory experiments were designed to study 
phosphate uptake from aqueous solutions by two typical 
lateritic soils, obtained from Kerala state. The sample 
from Calicut represents laterites developed over basement 
rocks. The second from Varkala is from ferruginous soil 
over younger coastal sedimentary beds. 

The efficiency of uptake decreased with an increase 
in initial phosphate concentration in the range 2 to 50 mg/1 
PO^. However, the Calicut soil showed a relatively high 
efficiency of 98 to 100 percent compared to 85 percent for 
Varkala soil. An increase in the efficiency of uptake was 
observed on acidification of the solution and by increasing 
soil to solution ratio at 25 to 33°C, 

The difference in phosphate uptake by the two lateritic 
soils was explained by a difference in mineralogy of the 
two, which in turn was related to difference in their parent 
rocks. The Calicut soil was found to have a larger proportion 
of positively charged iron oxides and clay fraction, compared 
to the Varkala soil. The charge over iron oxide particles 
was confirmed by a comparative electrophoretic experiment 
with lateritic soil and commercial kaolinite. 
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Kinetic interpretations of the removal data showed 
four stages : (1) Instantaneous removal on surface sites of 
iron oxides and clay minerals,, (2) Saturation of these sites 
and the first equilibrium stage, (3) gradual removal into 
the interlamellar sites of halloysite, and (4) saturation 
with final equilibrium stage. 

It is suggested that lateritic soils can be utilized 
as a barrier agninst phosphate in waste waters which usually 
causes eutrophication in reservoirs. At the same time the 
usually nutrient deficient lateritic soils should be amenable 
to treatment by phosphate fertilizers. 



CHAPTER I. INTRODUCTION AND OBJECTIVE 


Phosphate in natural waters as well as in domestic 

and industrial waste waters has drawn much attention from 

environemental engineers and geochemists in recent times* 

This is primarily because this form of elemental P is an 

important nutrient for plant growth. There are two major 

aspects of this situation which merit scientific investigations. 

a 

On one hand phosphate is A 'pollutant ' in the that 

its entry into recieving waters causes undesirable algal 
bloom in a process, called 'Eutrophication 1 (Fruh, 1967). 

On the other hand, phosphate -based fertilizers are applied 
to barren soils in order to make up for their low nutrient 
level and thereby increase fertility (Robson and Gilkes, 1979). 

For pollution control, it is important to maintain 
the phosphate level below a certain limit so that nutrient 
supply is less than that required for algal growth. Phosphate 
removal is a routine process for water treatment and is 
commonly adopted through chemical and biological means. , It 
has been mentioned that total phosphorus as phosphates 
should not exceed 50 /a g/1 in any stream at the point where 
it enters any lake or reservoir, or 25/<.g/l within the lake 
or reserroir. A desired goal for the prevention of plant 
nuisances in streams or other flowing waters not discharging 
directly to lakes or impoundment s is 100/6 g/1 of total P 
(Train, 1979). 
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For agricultural practice , using phosphate fertilizers 

the anion adsorption property of soil minerals is the controll- 

—3 

ing factor. A negative radical like PO^ is 'fixed* on the 
positive sites on clay and iron ox;ide colloids. Therefore , 
soils containing clay minerals and iron oxides e.g* Later itic 
soils are expected to be most efficient for phosphate 
fixation . 

Lateritic soil profiles are well known products of chemical 
weathering in tropical climates. For example, in India, 
lateritic soils (red soils) occur widely over most of the 
Penninsular shield, Deccan Traps and many coastal sedimentary 
rocks. 

It should be clear from the above discussions that in 
such terrains, lateritic soil can serve a dual purpose. It 
can act as a barrier against disposal of wastes containing 
dissolved phosphate which are likely to cause eutrophic 
conditions. At the same time, barren lateritic soils can be 
reclaimed by application of phosphate fertilizers to meet 
the demands of agriculture. 

The objective of the present work was to investigate 
the role of the mineral constituents of lateritic soils in 
the uptake of dissolved phosphate. It was hoped that this 
information will encourage utilisation of lateritic soils as 
cheap and easily available material for removal of dissolved 
phosphate and this will be an improvement over standard 
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treatment processes like chemical coagulation . At the same 
time, these data will help under-standing of mechanism of 
phosphate uptake by latertic soils during the application of 
phosphate fertilizers. 

To achieve these objectives, laboratory experiments 
were designed to 

(1) Determine the phosphate concentration, remaining in 
solution after putting a fixed weight of lateritic soil 
in contact with fixed volumes of standard phosphate 
solutions, for a desired length of time. ' 

(2) vary the contact time and thereby to determine the 
kinetics of phosphate uptake. 

(3) acidify the phosphate solutions in order to create 
positively charged sites on the soil mineral surfaces 
for phosphate uptake, arid 

compare the uptake capacity of lateritic soil with an 
iron oxide free material i.e. commercial kaolinite. 


( 4 ) 



CHAPTER II- PREVIOUS WORK 


2.1. LATERITIZATION, LATE RITES AND LATERITIC SOILS : 

The term later ite was first introduced by Buchanan in 
1807 to describe ; ^d soils of Malabar coast of India which 
harden on exposure. Today, a weathering process in tropical 
climates which leads to formation of a surface capping 
containing an accumulation of sesquioxides (mainly Al_0_ and 

Z J 

Fe^O^) over a variety of rocks is known as 'Lateritization ' 
and the resulting indurated deposit is called as 'laterite'. 
The soils which are lateritised to varying degrees and 
contain clay minerals along with sesquioxides are classified 
as 1 later itic soils'. 

iPendelton and Sharasuvana (1946) defined 'later itic 
soils 1 as ‘profiles in which there is an immature lateritic 
horizon from which a true lateritic horizon will develop if 
appropriate conditions prevail long enough'. 

Gidigasu (1976) used the term ’lateritic soils' to 
describe all the reddish residual and non-residual tropically 
weathered sail, which genetically form a chain of materials 
ranging from decomposed rock through clay to sesquioxide 
rich crusts. 


2.2. MINERALOGY OF LATER ITT- SOILS: 


The primary rock and. environ -men t , under which the 
laterite formed are the major controlling factors for the 
mineralogies 1 Composition of laterite s. Lateritic soils, 
however,,, are by no means limited to particular type of 
parent material. The foil owing' minerals can be present in 
lateritic so ii S : 

I. A luminum hyd roxides : 

(a) Gibb sit- (Al^O^. 3^0, «<, -alumina try hydrate) 

(b) Bayerite (Al^O^. 3^0 ’ P -alumina try hydrate) 

(c) Boehmi.te 'Al^O^.HjO , < -alumina monohydrate) 

(d) Diaspore iAl^O-j.^ 0 J P* ~ alurnina monohydrate) 

Apart from these , r.chcrystalline hydroxides are also 
present which do not have definite composition or structure 

I I . Iron oxides and hydr >xides : 

(a) Hematite, (< - Fe 2 0„ '« 

(b) ■ Maghemite o) - Fe 2 0 3 ) 

Goethite {«< - Fe 2 0 3 .K^0) 

Lepido cm cite (\) - 
Ferryhydrite ( Pe-H3 8 4H 2 0) 

Akaganeite \ p- Fe 2 ® 


fr-'S 
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III. Clay Minerals : 

(a) Kaolinite, Al^O^. 2Si0 2 . 2H,>0 

(b) Hydrated Balloysite, Al . 2Si0 2 . 4H ? 0 

(c) Meta-halloysite, Al^O^ , 2si0 2 . 2H^0 

(a) Montrrorillonites or Smectites, (OH) ,Si 0 Al „0_ _.nH^O 

484 20 2 

(Inter layer) 

(e) Illite, K 0 __ 2 Al 4 (Al 0 ^Si g _ 6 ) 0 2Q (0H) 4 

(f) Vermiculite, (OH) 4 (Mg^d)^ ( Si ? _ 6 6 A1 1m ).(Mg.Fe) 6 0 2Q 

• - H 2° 

(g) Chlorites, (OH) 4 (Si,;dn a (Mg,Fe) 6 0 20 + (Mg. Al) 6 (OH) 12 

The above said compositions of kaolinites and halloysites 
and of montmorillomites are ideal ones with no substitution. 
However according to the amount of substitution, substituting 
cation and place of substitution, different members of these 
families can be recognised. 

2.3. STRUCTURE OF CLAY MIK 5RAi,S: 

Kaolinite is a typical t:/o-layer clay containing one 

gibbsite layer and one hydi ated silica layer. A simplified 

sketch of kaolinite is shown ■’Yi Fig. ,2.1. As indicated, the 

o 

C-axis spacing in this structure is about 7.2A« The structural 
formula is Al 2 S.i 2 0j- (OH) 4 . Compared to montmorillonite, kaolinite 
is a non expandable type of clay mineral. 

The 4H 2 0 form of halioysite, referred as ’hydrated 
halloysite ’ has a structure similar to kaolinite, but contains 
in addition a single molecuLar sheet of water between the 
silicate layers (Fig. 2.1). The presence of this water 
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o o 

increases the basal spacing from 7.1A to 10.0 A. Under electron 

microscope this species has characteristic tubular shape 

(Bates «at al, 1950). On drying the additional water .is readily 

o 

lost and the structure collapses to 7.1A, The collapsed 

form is known as 'metahallcys Lte ' . All intermediate stages 

between the two limits of hydration exist in nature and they 

are called as 'Intermediate halloysites ' . 

Eotitmorillonite is comprised of a gibbsite layer between 

two hydrated silica layers, and is designated as a three layer 

type of clay (Fig. 2.1^. The minimum C-axis spacing usually 
o 

amounts to 9.2A. The C-spacing of montmorillonite, however 

is quite variable as a result of sorbed water between the 

layers. (Interlayer or Interlamellar water). 

Tllite is a three-layer structure being similar to that 

of muscovite, but is different in that only about 15% of Si is 

substituted by A1 in comparison to about 25% in muscovite. In 

illite, the charge deficiency due to isomorphous replacement 

is compensated by fC. The C-axis dimension in illite is about 
o 

10. 1A (Pig .2.1). 

2.4. THE CLAY COLLOIDS AND Cl ARGE OVER CLAY PARTICLES ; 

TThe colloidal solution of clay in water is an example 
of hydrophobic sols. The particles in clay sols are negatively 
charged* since they move towards the positive electrode on flow 
of elec-trdc current. (Van Olphen, 1963). Like the other sols. 
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clay sol also does not have a net electric charge, but it is 
compensated internally by counter ions of opposite sign/ thus 
forming a 'double electric layer * - 

The clay particle is an example in which an electric 
double layer originates from lattice imperfections (Van 
Olphen, 1963). Grim (1953) suggests that there are three 
mechanisms believed to be responsible for charge phenomena 
on clay mineral surfaces. Specifically/ these mechanisms are 
isomorphous replacement/ broken bonds and lattice defects. 

The creation of negative charge on clay surfaces from 
isomorphous replacement might occur through substitution of 
Al for Si in the tetrahedral layer or by Mg for Al in octa- 
hedral layer. It is believed that this mechanism -is mere 
germane to montmoril Ionite than to Tcaolinite with respect to 
exchange capacity (Grim, 1953; Wayman, 1967). 

Many investigators also support the concept that broken 
bonds along crystalline edges of clay platelets are also an 
inportant mechanism (Marshall, 1949; Grim, 1953). Bonds may 
be broken in either the tetrahedral or octahedral layer. In 
the octahedral layer the situation would involve: 

Al - 0 - Al - 0 

If the severance is between Al and 0, then a site Is created 
with a positive charge. If between 0 and Al, then the site 
becomes negative as a result of the exposed ion. (generally of 
an OH Ion). The same type of reasoning can be applied to the 
tetrahedral layer where in the bonding is 


Si - 0 - Si - 0 
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In all probability it is not unreasonable to predict that both 
positive and negative sites should occur along the edge. 

Van Olphen (1963) proposed a dual charge in terms of 
electric double layer theory. It is suggested that a negative 
double layer exists along the faces and that a positive 
double layer occurs on the particle edge,, no t-with standing 
the overall effect of net negative charge (Fig. 2.2). If this 
evidence is correct, the overall net negative charge readily 
explains the higher cationic exchange capacity on faces 
incomparison to the observed low values of anionic exchange 
occurring most likely af the edges. 

2.5. ANION EXCHANGE CAPACITY (AEC) OF CLAY MINERALS : 

The investigations of anion exchange in clay materials 
have been to a considerable extent associated with studies of 
the adsorption of phosphate by soils. There seem to be two, 
and possibly three types of anion exchange in the clay 
minerals, (Grim, 1953). 

1. Replacement of OH ions, as has been suggested by many 
authors for the phosphate adsorption by kaolinite. It has 
been shown that the liberation of hydroxyls caused a well 
narked increase in the alkalinity of the suspensions. In the 
case of exchange due to replacement of OH ions, the extent 
of the reaction depends on the accessibility of the OH ions, 
and in general the only factor preventing complete substitution 
is the fact that many OH ions are within the lattice and, 
therefore, not accessible. 
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2. Anions such as phosphate, arsenate, borate, etc. which 
have about the same size and geometry as the silica tetrahedron 
may be adsorbed by fitting on to the edges of the silica 
tetrahedral sheets and growing as extensions on these sheets. 
Other anions such as sulphate, chloride, nitrate etc., 
because their geometry does not fit that of the silica 
tetrahedral sheets, can not be so adsorbed. 

3. A third manner of anion exchange has been suggested that 
the clay minerals may have anion-exchange spots as well as 
cation— exchange spots on basal plane surfaces. Such active 
anion-exchange positions would be due to unbalanced charges 
within the lattice i.e. an excess of aluminum in the octa- 
hedral positions. Table 1 gives the anion-exchange capacity 
for some of the clay minerals. 

Table-1 Anion exchange capacities (in me/lOOg) of 
clay minerals (Grim, 1953) 


Montmorillonite 

23 - 31 

Beidellite 

21 

Nontronite 

12 - 20 

Saponite 

21 

Vermiculite 

4 

Kaolinite 

6.6 - 20.2 
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2.6. THE IRON HYDROXIDE COLLOIDS : 

In nature ferric hydroxide most commonly forms in a 
faintly acid environement , and so has a positive charge. 

But the charge can be negative, if solution is alkaline 
(Krauskopf , 1967) . 

Exposure of oxide or hydroxide particles to water 
generally results in physical and chemical adsorption of 
water on the surfaces. Chemical adsorption differs from 
physical adsorption in that H 2 0 is split into H + and OH during 
adsorption to form an hydro xylated surface. (Schwertmann and 
Taylor, 1977). Charge can develop over these hydroxylated 
surfaces either through amphoteric dissociation of the 

4. — 

surface hydroxyl groups or by adsorption of H or OH ions. 
These reactions can be written as follows, where under- scored 
symbols refer to the species following part of the surface: 


MOH mo“ +H + 

(ag) 

— 

(1) 

% ,l111 " ' 

MOH . ^ M* + 0H~ 

(aq) 


(2) 

“ - 

M + + H-0 ^ MOHt 

— 2 2 


(3) 


Since the probability of bare M + existing at the 
surface is small, the basic dissociation or formation of a 
positively charged site probably occurs through a combination 
of reactions (2) and (3) i.e. 

MOH + H 2 0 ^ MOH* + 0H~ (aq) 


(Gast, 1977) 
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"* 4 " «** 

In both the above mechanisms, the H and OH ions 
establish the surface charge and thus charge is pH dependent. 
The surface charge is created by an adsorption or desorption 
of H + (or a desorption or adsorption of OH**, respectively) 
in the potential determining layer consisting of surface 0^ 

OH and OH^ groups. H + and oh"* are therefore called 'potential 
determining ions'. The following model has been proposed 
(Schwertmahn and Taylor, 1977). 


°H 2 ' 


+0H~ 

OH ! 0 
/ 0h 2 ! 

+0H~ 

OH 

Fe 

A 

-4- 

Fe ; 

\ ! 

4 - 

Fe 

0H 2 


+H 

OH ; 

I 

+H 

OH 


Thus an excess of surface charge of the potential 
determining layer is balanced by an equivalent amount of 
anions (A**) or cation (C + ), located in the outer part of an 
electric double layer. 

Summer ( 1962 ) reported that removal of iron oxides 
from red soils resulted in a decrease in positive charge 
particularly at low pH. This supports the view that iron 
oxides coating clay surfaces carry a positive charge. 

The pH at which equal amounts of H + and OH*” ions are 
adsorbed is called the zero point of charge (ZPC). Values 
recently reported for the. ZPC of synthetic hematite and 
goethite lie in the range of pH 7.5 - 9.3 (Schwertmann and 
Taylor, 1977 )i The ZPC values are generally lower for 
natural samples than those found for the synthetic ones. 
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2.7. PHOSPHATE ADSORPTION BY IRON OXIDE ; 

Specific adsorption of phosphate by iron oxides is 
most widely accepted and is an important concept in soil and 
environemental studies. Tie amount of a particular ion 
adsorbed depends mainly on its concentration in, and the 
pH of, the equilibrium solution. At a given pH, adsorption 
increases with increasing cor centra ti on. 

Bowden et al (1974) he /e shown an increase in phosphate 
adsorption with decreasing pH. To them, this is due to an 
increasing ratio of OH^/OH "surface groups. 

In contrast to adsorption mechanism, Kittrick and 
Jackson (1956) suggest that chemical precipitation is the 
principal mechanism in phosphate fixation by iron oxides and 
clays. The colloidal iron oxide particles and thin Al 
hydroxide films react with phosphate at room temperature to 
form P0 4 precipitates, which are readily observable under the 
electron microscope a few minutes after treatment. 

According to some authors (reviewed by Wild.* 1950), 
retention of phosphate by iron oxides follows the Freundlich 
adsorption isotherm. Others, however, contend that compliance 
with Freundlich equation is not restricted to adsorption and 
does not rule out precipitation. 

McLaughin et al (1981) concluded from their studies 
that the amounts of inorganic P sorbed by a range of Fe- and 
Al- containing conponents varied appreciably and decreased 
from gels to crystalline substances. 
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sree Ramalu et al (1./76) as well as Kuo and 
Mikkelsen (1979) reported that phosphate fixation is controlle 
by pH and the proportion of crystalline versus amorphous iron 
oxide s . 

2.8. ADSORPTION OF OTHER ACT IONS BY CLAYS, SOILS & SEDIMENT S ; 

With increasing use of anionic detergents, the anion 
exchange capacity of clays has been used to remove surfactant r 
like ABS (Alkyl Benzene Sulphonate ) , Wayiran (1967) showed 
that common clay minerals like kaolinite, illite and mont- 
morillonite have similar ABS uptake. Fink et al (1972) 
found that soils high in free iron oxide are best suited fo^ 
ABS removal. . 

Behaviour of anionic dyes is similar to detergents. 
Kinetic stuc.ies by Sethuraman and Raytrahashay (1975) showed 
that ''■aolinite and montmorillonite have similar rates of 
sulphur blue adsorption. This was explained by the fact that 
the adsorption sites are confined to particle edges for both 
minerals. Sethuraman and Raymahashay (1980) also reported 
that in contrast to cationic dyes, adsorption of anionic 
dyes was entirely Irreversible and there was no effect of 
solution pH. 

Significant results have also been obtained in virus- 
clay systems. In tie pH range of normal waters, viruses are 

l 

negatively charged (Drewry and Eliassen, 1968). Under 
normal circumstances, therefore, negative clay surfaces are 
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ineffective for virus removal. On the other hand, presence 
of positively charged iron oxide colloids apparently changes 
the situation,, For example, Koya and Chaudhuri (1976) found 
that the bacterial virus MS2 phage was removed to a much 
greater extent by Kerala la'“arite compared to Kanpur silt. 

Some data are also a ailable on the fate of pesticides 
in soil zones. Huang and Liao (1970) conducted a series of 
experiments on the adsorpti >n of DDT, Dieldrin and Heptachlor 
on clay minerals. The Kinetic data were interpreted by a 
model of interlayer diff vision in montmoril Ionite. This 
behaviour was not observed for kaolinite and illite. 

2.9. FERTILIZER RESPONSE : OH LATERITIC SOILS : 

In many parts of the world, lateritic soils have not 
been developed for agriculture. 

Robson and Gilkes (1979) point out that low level of 
nutrient elements in the primary granite combined with 
prolonged deep-weathering and crystallisation 'of Kaolinite 
and sesquioxides have resulted in a generally poor nutrient 
status of the lateritic soils of Australia. 

The major features which affect initial fertilizer 
applications are: 

(1) low nutrient level, in virgin soil (P% = 0.01) 

(2) High Fe, Al oxides and hydroxides in soils which 
adsorb added anions. 

(3) Heavy rain, which leaches soluble minerals 
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(4) Low organic matter content which results in low 
Nitrozen supply. 

(5) High Quartz, Kaolinite and sesquioxides along with 

low organic matter result in low CEC ( 10 meq/100 g) 

In a glass house trial experiment, it was also 
observed that sandy hao Unite rich soil has lower P 
adsorption capacity compared to laterite. 
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(c) MONT M OFOLLONlT £ (d)ILUTE Cel CHLORITE 


T Si-0 TETRAHEDRAL LAYER 
0 At,Mg-0,0H OCTAHEDRAL LAYER 
© EXCHANGEABLE CATiONS 


Fig. 2.1 - Structure of Clay Minerals 







Edge, positively charged 


Pig. 2.2 - Schematic Diagram of Dual Charge on 
a Kao Unite Particle. 

( Mayn&n., 1967) 


CHAPTER III. EXPERIMENTAL PROCEDURES 


3 . i : COLLECTION OF SOIL SAMPLES : 

The lateritic soil samples were obtained from two 
typical profiles in Kerala - 

(a) Laterites capping Precambrian Charnockites and biotite- 
gniesses in the midland region near Calicut/ and 

(b) Laterites, covering Tertiary sandstones near Varkala, 
a coastal town. 

The kaolinite sample was obtained from the collection 
of the Engineering (geology laboratory, I.I.T., Kanpur. 

3-2: X-RAY ANALYSIS : 

To determine the mineralogy of clay fraction and for 
identification of Fe- and Al- minerals, oriented slides of 
lateritic soils were prepared. For this, some amount of 
the soils was mixed with distilled water in a cylinder and 
heavier fraction (Quartz etc. ) was allowed to settle for 
about half an hour. Middle fraction of the clay suspension 
was taken out by a pipette and spread over a glass slide. 

The slide was allowed to dry at room temperature. This 
technique lets the flaky particles to orient themselves 
parallel to their basal planes, and x-ray identification of 
the basal peak is easier. 
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A slide of Varkala soxl was exposed vo glycol vapour 
overnight in a dessicator for investigations of swelling-clay 
minerals. 

Kaolinite was examined in powder form in a satrple 

holder. 

All the samples were investigated by x-ray diffraction 
with GEC XRD-5, 30KV X-Ray diffractometer using CuKc<. 
radiations. 

3. 3: REMOVAL OF ORGANIC MATTER FROM SOIL : 

For removal of organic matter/ soil suspension was 
prepared by mixing some amount of soil with water in a beaker.. 
The suspension was heated at about 80°C and small amounts of 
30% Hydrogen peroxide (h 2 0 2 ^ were added. Alcohol was added 
from time to time to control frothing. 

3.4: DIFFERENTIAL THERMAL ANALYSIS : 

Differential Thermal Analysis (DTA) o£ Varkala soil; 
the natural as well as that free from organic matter was 
carried out. Derivatograph - mOM„ thermal analyser was used 
with a heating rate of 10 °C/min. through a range from room 
temperature to 1000 °C. 

3 . 5 ; E LECTROPHORE SIS • 

Beltronix D.C. Power Supplier equipped with essential 

of 

accessories was used at a potential difference/135 volts and 
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lateritic soils and kaolinite were subjected to electrophoresis 
Current was flown for a duration of 3 minutes. Particle size 
of the soil samples and Kaolinite was less than .044 mm. 

3.6: PHOSPHATE ANALYSIS : 

Pure orthophosphate solutions of known concentrations 

were prepared by dissolving appropriate amounts of Potassium 

PAos|=ha.fe. 

di-hydrogen ^(KH 2 'po 4 ) in distilled water. Whenever needed, 
solutions were acidified with 1:1 HC1 acid to bring down 
pH of the solutions to the desired value. Phillips PR9405M 
precision pH meter was used for pH measurements. 

0.5 g of ovendried soil, particle size varying from 
0.18 to 0.<2 5 mm, was mixed each time in 50 c.c. of phosphate 
solution of known concentration and initial pH. Suspension was 
stirred for 5 minutes by magnetic stirrer and allowed to 
settle for 10 minutes. pH was measured. 

After the desired contact time, suspension was stirred 

© 

and allowed to settle for the same duration as earlier -and 
final pH reading was taken. This suspension was filtered, 
using whatrren 42 filter paper and centrifuged by 'SERVALL* 
small angle centrifuge, type XL, at a speed of 3000 RPM. 
Decanted solution was stored for determination of final 
phosphate concentration, after pH measurement. 
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Final phosphate concentrations were determined by 
colorimetric stannous chloride method using an acid ammonium 
molybdate reagent. Colours were read in a SYSTRONICS 103 
spectro colorimeter at a wavelength of 690 nm. Calibration 
curves were prepared for each run using appropriate phosphate 
standard s . ( Fig .3,1) 



Log (% Transmission) 
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Phosphate Concentration (mg/l) 

Fig. 3.1 - Typical standard Curve for Phosphate 
Determination. 



CHAPTER IV. RESULTS AND DISCUSSIONS 


4.3.. GEOLOGY OF LATE RITE OCCURRENCES ; 

Three stratigraphic horizons of laterite have been 
recognised in Kerala. These are (1) Laterite over Precarribrian 
basement, (2) Laterite over Tertiary (Miocene - Pliocene) 
sedimentary rocks, and (3) Laterite over unconsolidated 
recent (Quarternary) coastal sands and alluvium. (Mallikar juna 
et al., 1979). The first horizon is the thickest with depth 
varying from 1 to 10 mu These profiles occur extensively in 
the Midland region at the foot hills of Western Ghats. The 
second and third types occur in the coastal plain. The 
outcrops are local and variable in thickness. 

The Calicut sample represents Laterite over basement. 

It was obtained from the campus of the Centre for Water 
Resources Development and Management. The bed rock is composed 
of high grade metamorphic rocks like charnockites and biotite— 
gniess. The soil is deep red in colour. 

The Varkala sample comes from ferruginous soil profiles 
near the town. It represents laterite over Tertiary Warkalli 
beds consisting of sandstone®, clay and carbonaceous shale. 

The colour is pale brown indicating lesser iron content than 
the Calicut sample. The grain size is coarse. 
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Fig .4.1 is the geologic map of Kerala state , which 
shows geological formations around the localities from where 
samples were collected. 

4 . ! . i . DETAILED MINERALOGY OF LATER IT IC SOILS 

Each of the two lateritic soil samples was subjected 

to detailed mineralogical investigations. Microscopic studies 

c 

were aimed to investigate mineralogy of coarser f ration of 

A 

the two soils, whereas techniques like x-ray Diffraction 
Analysis, and Differential Thermal Analysis helped in easier 
recognition of different clay minerals and their relative 
abundance in the soils. 

(a) CALICUT SOIL ; 

A sketch of. microscopic view of coarser fraction of . 
the calicut soil, as it appears under a binocular microscope- 
in shown in fig .4.2. Broken crystals of quartz, occasionally 
of feldspar and dark minerals were recognized. Presence of 
feldspar was interpretated from its transparency and flawless 
cleavage. Relative abundance of feldspar was much less in 
comparison to quartz, present in maximum amount. In abundance, 
quartz was followed by different iron oxides which appeared 
with reddish-brown colour and earthy lusture. Maghemite, an 
iron oxide was recognised from its jet-black colour and crystal 
Sha.j>2- •. Later on. Maghemite was confirmed by virtue of its 
magnetic property. 
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X-ray analysis revealed the presence of kaolinite, 
intermediate halloysite, chlorite, gibbsite, goethite, 
maghemite and feldspar. A sketch of X-ray diffraction pattern 

of Calicut soil, after quartz removal is shown in fig .4.3. 

o o 

Diffraction peaks at spacings ranging from 8.11 A to 11.32 A 
were interpreted to be due to halloysite of intermediate 
hydration between metaha Hoy site and hydrated halloysite. 

Its composition can be represented by M^O^.^SiC^. (2+X)H 2 0 
where 0<X<_’2. Presence of halloysite in Calicut soil has 
also been confirmed by Rao and Raymahashay (1981) from 
characteristic tube shaped crystals in electron micrographs. 
They also reported kaolinite, goethite and gibbsite from 
the soil. A comparative look of relative heights of X-ray 
peaks leads to the conclusion that kaolinite and Chlorite 
are in maximum abundance,' followed by gibbsite, which in 
turn is followed by maghemite and goethite. Intermediate 
halloysite s are still lesser, whereas feldspar is present in 
least amount, as indicated by only one peak of It with very 
low intensity. 

(b) VARKALA SOIL : 

Presence of abundant quartz, along with feldspar and 
much less amount of iron oxides was revealed on bringing the 
coarser fraction of Varkala soil under binocular microscope 
(Fig .4.4). Methods of interpretation were same, as used for the 
calicut soil. Pale brown colour of this soil can be attributed 
to the relatively much lesser abundance of iron oxides. 
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A Sketch of X-ray diffraction pattern of this soil 
is shown in fig .4. 5. From the interplaner spacing (d) value s, 
presence of kaolinite, chlorite. Intermediate halloysites, 
quartz, feldspar and goethite was confirmed. 

Relative intensities of different peaks led to the 
conclusion that kaolinite was in maximum abundance, along with 
chlorite, and followed by intermediate halloysites, feldspar 
and quartz . 

To confirm the nature of clay mineral, due to which 
o 

the 14.4 A peak appeared, glycolated sample was also subjected 
to X-ray analysis. No shift of this peak confirmed absence 
of mo ntmoril Ionite, or in other words, presence of chlorite. 

Appearance of endothermic peak at 630°C during 
Differential thermal analysis further confirmed presence of 
Kaolinite (Fig4.6). A loss in weight at this temperature, 
shown by thermogravimetry curve , is due to dehydroxylation of 
Kaolinite and hydrated iron oxides. 

Comparison of the calicut soil with the Varkala soil 
revealed mineralogical differences of their parent rocks. 
Calicut soil is much richer in sesquioxide content than Varkala 
soil, whereas, on the other hand, the latter contains feldspar 

in greater abundance. This is most obvious, since Varkala 

! 

soil is product of sandstones and Calicut eoil has resulted 
from charnockites and biotite-gniesses, which by themselves 
are rich in iron content.' 
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4.2. PHOSPHATE UPTAKE BY CALICUT LATER IT IC SOU. ;' 

To go in depth of mechanism and capacity of phosphate 
uptake, fixed weights of Calicut lateritic soil were kept 
in contact with phosphate solutions of different initial 
concentrations for different contact times. Thus, Batch 
Experiment method was adopted in the present work. 

'Normal phosphate solutions 1 as well as 'Acidified 
phosphate solutions' were ke jt in contact with the soil. 

These terms have been explained in the next sections. At the 
present moment it is also worth mentioning that acidification 
of the solutions not only causes a fall in their pH, but 
also changes orthophosphate species, although as a whole 
amount of -total phosphates does not change. Following are 
the reactions with their dissociation constants which deter- 
mine the pH range, in which a particular phosphate species 
exists. 


H 3 P0 4 


— 

H + 

+ 

H 2 P0 4 * 

2 2 

= 10 * 

H 2 P0 4 



H + 

+ 

HP0 2 “ , . 

K 2 = 10 7 - 0 

HP °4~ 



H + 

4 - 

p °4~ * 

K 3 = 10 12 * 0 


In the pH range of the present experiments (3.5 to 

7.8) the predominant orthophosphate species will be H^PO^ 

-2 

at low pH and HPO^ at higher pH values. It is also 
obvious that the mechanism and efficiency of phosphate, removal 
will depend on the type of phosphate species in the solution. 
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However , for analytical purposes the phosphate concentrations 
are expressed in terms of total orthophosphate as mg/1 PO^. 


4.2.1. UPTAKE FROM NORMAL PHOSPHATE SOLUTIONS ; 

In the present context, the term 'Normal phosphate 
solution' refers to a solution prepared by dissolving a known 
weight of KH 2 PC> 4 in distilled water. The pH depends on the 
strength of the solution and no attempt was made to change 
its natural pH value. 

Table 2 to 6 show variations in the pH of normal 
phosphate solutions after different contact times, apart from 
final phosphate concentrations and amount of phosphate 
removed. A decrease in the final phosphate concentration is 
accompnied by a ris,e in the final pH of the solution, indicat- 
ing a continuous increase in the hydroxyl ions concentration. 
From the data of above mentioned table, figures 4.7 and 4.8 
have been drawn. 

The efficiency of phosphate removal (e) can be defined 


e = x 100 

P i 

where P. = initial phosphate concentration, 

l 

and P = final phosphate concentration 
F 


(i) 
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The phosphate uptake capacity which i«S an apparent 
'Anion Exchange Capacity* (AEC) of a material can be defined 
as 'amount of anions expressed as milliequivalents, exchanged 
by 100 grams of that material*. In the present work, taking 
into consideration volume of solution (50 ml) and weight of 
soil (0.5 g) following relationship can directly give AEC 
in me/100 gms. 

SEC (in me/100 g of soil) J™?unt,of phosphate removal (nc,/l )x!0 

( 2 ) 

From the above two relationships; (1) and (2), effici- 
ency of removal for different initial phosphate concentrations, 
and AEC for 50 mg/1 normal phosphate solution have been 
calculated (Table 7). This table clearly shows dependence of 
efficiency on initial phosphate concentration. An increase in 
initial concentration reduces the efficiency of removal. The ' 
maximum phosphate uptake capacity is in the range reported 
for AEC of Kaolinite type clay minerals (Carroll, 1959). 

4 . 2 . 2 . UPTAKE FROM ACIDIFIED SOLUTIONS ; 

Term 'Acidified phosphate solution' in the. present 
work has been used for the solution of which pH value was 
brought down by dropwise addition of hydrochloric acid. The 
pH value of solution was brought down to 3.5 in every case. 
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Tables 2 to 6, show variations in the pH of acidified 
solutions, as well as final phosphate concentrations and 
amounts of phosphate removal in different contact times. The 
data are similar to those discussed in earlier section. For 
example, there is rise in pP£ and decrease in final phosphate 
concentration with an increase of contact time. Figures 4.7 
and 4.8 show phosphate removal from acidified solutions, in 
comparison with normal solutions,. 

Table 8 shows efficiency of removal and AEC, calculated 
in case of acidified solutions.. Same relationship have been 
used for these calculations, as described earlier. Once again, 
efficiency of removal shoved its dependence on initial 
phosphate concentration. 

The following general conclusions emerge from the 
data collected so far: 

(1) There exists a fair correlation between phosphate removal 
and pH of the solution. A decrease in the final phosphate 
concentration was always found to be accompnied by a rise 
of final pH of the solution » This fact apparently 
indicates replacement of phosphate ions by hydroxyl ions 
located at the surfaces of clay minerals. This mechanism 
was proposed by Grim (1353). As quoted by him, there are 
strong evidences, based on infrared adsorption and 
deuterium-tagged hydroxyls, which show conclusively that 
the 0H“ ions of clay mineral surfaces can enter into 
exchange reactions. 
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(2) On lowering initial pH of the solution, there was more 
rapid rise of pH, as well as more rapid and greater removal 
of phosphate, making the soil more efficient in this 
aspect. 

Presence of iron oxides in the soil is responsible 
for this fact. As described in Chapter II, surface charge 
of iron oxides is dependent on relative availability of 
H + and OH*” ions i»e 0 pH of the solution (Schwertmann and 
Taylor, 1977). Also, there is a particular pH, called 
as zero point of charge (ZPC), where equal amounts of 

-f «*. 

H and OH ions are adsorbed, making iron oxide particles 
electrically neutral. Bringing down initial pH of the 
solution is nothing but an attempt to make iron oxides 

Hh 

adsorb more H ions and thus to create more positive sites 
on the surfaces, by the virtue of which they adsorbed more 
phosphate. 

(3) In case of normal phosphate solutions, efficiency of 
removal decreases with an increase in initial phosphate 
concentration, although initial pH shows a decrease. 

This fact reveals that initial concentration has a stronger 
hold over efficiency of removal than initial pH of the 


solution. 
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(4) The efficiency values themselves compare well with 

standard methods of phosphate removal. For example, 
Sadhukhan and Raymahushey (1972 ) found that in the alum 
coagulation method with initial phosphate levels of 
4 to 30 mg/1 at the optimum pH of 6 and most effective 
A1 : P molar ratio of 2 : 1, the efficiency of removal 
was 87.5 to 98.0 percent. In the present method, 
efficiencies achieved at different initial phosphate 
levels are of the same order as in alum coagulation 
method, and at low initial phosphate levels even higher 
than this. Thus efficioncy of removal , apart from less 
cost and easy availability of lateritic soil is a factor, 
which can make the present technique as suitable as 
conventional chemical methods. 

4.2.3. MECHANISM OF PHOSPH AT E REMOVAL : 

From the figures 4*7 &■ 4.8 an equilibrium (constant 
P^-Pp) seems to be reached after an instantaneous removal of 
phosphate. This equilibrium can be termed as 'first equili- 
brium' since it is followed by another equilibrium stage 
after a certain length of time, which actually is the 'final 
equilibrium*. The first stage of instantaneous equilibrium 
can be related to the exchange of phosphate ions with exposed 
hydroxyl ions at the surfaces of clay minerals and adsorption 
of phosphate ions on the positive sites of iron oxide surfaces 
which resulted due to pH of the solution being lower than zero 
point of charge (Z'PC). 
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Due to presence of intermediate halloy sites of 
different hydration,,, entrance of dissolved phosphate ions 
along with water into its interlamellar spacings can not be 
ruled out. Entry into interlamellar spacings of clay minerals 
is equivalent to intraparticle transport as concluded for 
pesticide adsorption by mo ntmoril Ionite (Huang and Liao, 1970) , 
Weber and Morris ( 1963) while discussing ABS adsorption on 
activated carbon had pointed out earlier that a functional 
relationship common to most treatments of intraparticle 
diffusion is that uptake varies almost proportionately with 
half power of time rather than with time. Therefore, a 
linear relationship between residual concentration (or removal) 
and half power of time can be taken to indicate intraparticle 
(or inter-lamellar) diffusion as the rate-controlling step 
particularly at the initial stages of removal of a dissolved 
substance , This was found to be true for dye removal by 
clays (Sethuraman and Rayrnahashay, 1975) and for mercury 
sorption on coai (Pandey and Chaudhuri, 1980). 

Figures 4.f to 4.1,3 are plots of final phosphate 
concentration against half power of time for phosphate-soil 
system under various experimental conditions. Most of them 
show a sloping linear segment between the instantaneous and 
final equilibrium stages. 
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The linear segment is indicative of halloysite playing 
an equally important role in removal of phosphate along with 
kaolinite and iron oxides. 

Thus in the total process of phosphate removal, four 
distinct stages can be differentiated: 

(1) Instantaneous removal stage, during which kaolinite and 
Iron oxides play their role, 

<2) First equilibrium stage, which results, when instantane- 
ous removal ceases, but phosphate ions are yet to enter 
interlayer spacirgs of halloysites. 

(3) Gradual removal stage, during which dissolved phosphates 
make their entry into Interlayer spacings of halloysites, 
and 

(4) Second and final equilibrium stage, where gradual 
removal also ceases.- 

Acidif ication of the initial phosphate solutions in 
the range 2 to 25 mg/1 caused appearance of curved segments 
in the plots of final phosphate concentration versus square 
root of time (Fig. 4 j. 0 tD 4. 11 ). Appearance of these curved 
segments displaced the first equilibrium stage to a longer 
contact time. This feature was apparently due to th increased 
adsorption on iron oxides in lower pH range. Acidification 
caused an increase in the ratio of OH^/OH surface groups. 

It created more positive sites on iron oxides surfaces, as a 
consequence of which they adsorbed more phosphate 
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(Bowden et al., 1974). The curved nature of the kinetic 
graph also suggests that the rate of adsorption was not 
constant but gradually decreased with time. 

In case of very low initial concentration (2 mg/1), 
curved segments appeared .in normal as well as acidified 
solution, and this was followed by final equilibrium. The' 
third gradual removal stage did not appear at all t, Fig. 4.9). 
This phenomenon e.an be attributed to the instantaneous 
removal stage of kaolinite and iron oxides, which cause 
complete removal of phosphate. 

: A completely contrasting feature developed in case 

V 

of solution of 50 mg/1 initial phosphate concentration, in 
which curved segment did not appear, even on acidification 
(Fig. 4.13). Here apparently, due to relatively high concentrat- 
ion, instantaneous removal was completed before 3 hours. 

An increase in the slope of linear segue nts with 
initial phosphate concentration indicated that rate of 
gradual phosphate removal by halloy sites increased with initial 
concentration (Fig. 4. 14 and 5.15). 

For low initial phosphate concentration, desorption 
of phosphate i,e. a temporary increase in residual concentrat- 
ion was also observed (Table 2 and figures 4.7 S 4.9). This 
phenomenon has been observed by many workers, as quoted by 
Orme and Nelson (1979). The desorbed phosphate was apparently 
physically-bounded, which came out due to concentration differ- 
ence between equilibrium solution and the soil. 





Fig. 4 ,10 is an adsorption isotherm which has been 
extrapolated towards equilibrium, because the data collected 
were not sufficient to plot a complete isotherm. In this 
context it can be mentioned that previous work indicates 
that equilibrium values i.n similar isotherm plots come at 
very high phosphate concentrations, of the order of 250 mg/1 
(Orme and Nelson^ 1979). Such high phosphate concentrations 
are beyond the scope of the present work, being unusual in 
natural waters as well as in industrial and domestic wastes* 

4 * 3 * PHOSPHATE UPTAKE BY VARKALA LATERITIC SOIL : 

To study phosphate uptake by Varkala lateritic soil, 
first 0.5 g of soil was kept in contact of 50 cc of phosphate 
solution of 2 mg/1 initial concentration and later on soil 
amount was increased to 1,0 g, since in the former case, 
phosphate uptake by the soil was found to be relatively very 
poo r . 

4.3.1. UPTAKE FROM NOR MAO SOLUTIONS : 

Data related with phosphate uptake by 0.5 g. of soil 

is presented in table 9 a. id fig.4.17 shows these graphically. 

Again, in this system also, a continuous rise of pH was 

observed till the equilibrium was reached. In between 5 and 

18 hours, phosphate was removed slowly. Then an increase in 

the rate of phosphate removal (Fig.4.17) indicated introduction 

of some new site for phosphate uptake, completing the process 

to 

at 21 hours and bringing the system/equilibrium. 


Amount cf phosphate uptake was 1.65 mg/1 out of 2 mg/1, 
efficiency of removal (e) as defined earlier being 82.5%. 

4 . 3. 2 .. UPTAKE FROM ACIDIFIED SOLUTIONS : 

Fig- 4.1 7 and data cf table 9 show that acidification 
of the initial solution did not improve the situation much 
as far as uptake capacity of the soil was concerned}. In the 
present system, 1.7 mg/1 phosphate was removed (efficiency = 85 
This time a new site for uptake did not appear during the 
process. Equilibrium reached in 30 hours; 6 hours later than 
that observed in case of normal solution, which apparently 
was due to slightly more phosphate uptake. 

Fig. 4. 18 is a plot of final phosphate concentration 
versus square root of contact time, implications behind it 
being same, as discussed in earlier sections. In case of 
normal solutions, curved segment is followed by a linear one, 
before equilibrium is reached, again an indication of two 
sites of uptake. The first site was surfaces of clay minerals 
and iron oxides, and second site was interlayer spacing of 
halloysites, giving a linear segment in the plot. In case of 
acidified solution, this linear segment disappeared, which 
indicated that the whole phosphate removal was due to 
adsorption on surfaces of clay minerals and iron oxides. 
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The very low efficiency of phosphate removal of Varkala 
soil even after acidification was apparently due to its very 
.low iron oxides content and high proportion of Quartz and 
feldspar, which do not contribute in phosphate uptake. 

Here also, desorption of phosphate was observed 
( Fig Ajll ) which is Characteristic of low initial phosphate 
levels, 

4.3 „ 3. EFFECT OF HIGHER SOIL PROPORTION ; 

Ore run with higher soil proportion was undertaken to • 
increase the efficiency of Varkala soil, if possible. With 
double soil proportion (1.0 gm in 50 cc solution) it was 
found that removal was 100 percent from the acidified solution 
of initial level of 2 mg/1 (Fig .4 .17). 

This was obviously due to higher amounts of clays and 

with 

iron oxides, in contact / the phosphate in solution. This 
experiment suggests that phosphate uptake, in general, would 
increase with higher soil to solution ratio. 

4.3.4. UPTAKE DIFFERENCES OF CALICUT AND VARKALA SOILS : 

< 

Comparative studies of performances of the Calicut and 
the Varkala soils reveal that former is far better suited for 
phosphate uptake than the latter. Efficiency of varkala soil 
for phosphate uptake is only 85% at 2 mg/1 initial level, 
whereas that of calicut soil is 100% at that level and falls 
to -98% at an initial level of 50 mg/1. 
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These differences can be attributed to the mineralogi- 
cal differences of the two soils, which in turn were due to 
differences of parent rocks. 

In case of Calicut soil, quartz was the only mineral 
constituent, which did not have any contribution in phosphate 
uptake. However, very high proportion of iron oxides in this 
soil, not only neutralised this factor, but at the same time 
made the soil very efficient in phosphate uptake. On the 
other hand, presence of abundant Quartz and feldspar (the 
second mineral constituent of the soil, having no contribution 
in phosphate uptake) and negligible amounts of iron oxides 
made the Varkala soil coirpartively inefficient for the 
phosphate uptake. 

4.4. ELECTROPHORESIS EXPERIMENT : 

From the forgoing discussions, existence of positive 
charge over iron oxides present in the lateritic soils is 
beyond any doubt. At this stage, the only technique which 
could give a clear cut idea of nature of charge over clay 
particles and iron oxides was Electrophoresis. 

Electrophoresis, or cataphoresis is the movement of 
particles, including colloid particles, drops, globules and 
bubbles in an induced electric field (Yariv and Cross, 1979). 
They quote that ferric hydroxides are positively charged as 
during a U-tube experiment, brown colour of this substance was 
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seen to move towards the cathode during electrophoresis. On 
the other hand. Van olphen (1963) cites evidence in support 
of the fact that clay particles are negatively charged. 

In the present work, during the electrophoresis of 
the two lateritic soils, no movement, and subsequently no 
deposition of soil corrponents occurred on either of the 
electrodes. An increase in the duration of current flow did 
not make any difference. However, repeating the same experi- 
ment with kaolinite (an iron oxide free material), deposition 
occurred on the anode. This experiment thus confirmed a net 
negative charge on clay particles. No deposition of kaolinite 
particles on anode without flowage of current, further 
confirmed the earlier deposition to be of electrophoretic 
nature. However, in the lateritic soils the negative charge 
on the clay particles was neutralised by the positive charge 
on iron oxides. This result, thus, indirectly proves the 
presence of positively charged iron oxide particles in a 
lateritic soil. 

4.5. PHOSPHATE UPTAKE BY COMMERCIAL KAOLINITE ; 

In order to properly evaluate the effects of iron 
oxides of lateritic soils on phosphate uptake, a comparison 
of their performance with an iron oxides free material was 
thought to be of considerable importance. The major reason 
for choosing kaolinite as iron oxide free material for subse- 
cruent experiments was its presence in lateriti®. soils, together 
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with iron oxides. Thus, it would lead to direct conclusions, 
as far as the effect of the presence of iron oxides was 
concerned. 

4.5.1. IMPURITIES IN SAMPLE ; 

X-ray analysis of commercial kaolinite sample reflected 
the presence of a small proportion of halloysite, illite and 
quartz in addition to kaolinite as the main mineral. Relative 
intensities of the peaks led to the conclusion that among 
these impurities quartz was the dominant, whereas the other 
two were present in very less amounts (Fig .4. 39). 

4 . 5 . 2 . UPTAKE FROM NORMAL SOLUTIONS : 

Amounts of phosphate removed, final phosphate concen- 
tration, and pH value of the solutions at different times are 
shown in tables 10 to 14. The results are graphically shown 
in figures 4.20 4. 21. A critical inspection of the changes 

in pH values of the solutions and amount of phosphate removed 

■ ii 

at a particular time again supported the mechanism of 
pho sphate uptake, involving exchange of hydroxyl ions with 
phosphate ions. 

Equilibrium was reached in every case in 18 hours. 
Kaolinite removed phosphate conpletely from solutions of 
initial concentrations of 2 and 5 mg/1. However from the 
solutions of 10,25 and 50 mg/1 concentration, removal was 
only 82,70 and 58 percent respectively (Table 15). 
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On plotting the final phosphate concentrations versus 
square root of time, only a curved segment appeared before 
equilibrium (Figures 4.22 to 4.26 ) * This was because uptake of 
phosphate was restricted to the surfaces and edges of kaolinite 
particles and rate of removal decreased with time. Halloysite, 
present as an impurity in the sample , obviously was not in 
sufficient amounts to cause a change in the uptake mSchanisia. 

4 . 5 . 3 . UPTAKE FROM ACIDIFIED SOLUTIONS ; 

Acidification caused a slightly more rapid changes 
in the final pH values of the solutions than that observed 
in case of normal solutions (Tables 10 to 14). Also, from 
the acidified solutions, removal of phosphate was higher. 

From the solutions of 2 and 5 mg/1 initial phosphate levels, 
removal once again was complete (Fig.4.20), whereas from the 
solutions of 10,25 and 50 mg/1 initial levels, removal was 90, 
76 and 62 percent, (Fig. 4,21). An increase in the uptake 
capacity of kaolinite on acidification of solutions was 
probably due to destruction of negative sites and occupation 
of those sites by Hydrogen ions, as a consequence of which 
net positive charge on the surfaces of kaolinite particles 
increased (Yariv and Cross, 1979). Efficiencies of removal 
for different initial phosphate concentrations are shown in 


Table 16. 
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Another notable difference observed between phosphate 
uptake from normal and acidified solutions was the equilibri- 
ation time. For acidified 2 and 5 mg/1 PO^ solutions , equili- 
brium was reached in 6 hours, compared to 18 hours for normal 
solutions and rate of removal was faster in the acidified 
solution. Equilibrium time, however, remained same for 
higher phosphate levels (Fig. 4, 2.1), although final removal 
was more in the acidified solutions. 

Plots of final phosphate concentration against square 
’"cot of time showed a curved segment, before equilibrium, 
similar to normal solutions (Figures 422 to 4.26). However, 
phosphate left in the solutions was lesser, due to an increase 
in the positive charge of Kaolinite particles. 

1.5.4. LATE RITES VERSUS KAOLINITE ; 

Fig. 4.27 is a synthesis of data on phosphate removal 
from acidified solutions by Calicut laterite cotrpared with 
commercial kaolinite. It is ©bvious that the pattern of 
removal depends on the initial phosphate level. For example , 
with 10 mg/1 phosphate, Calicut laterite removes larger 
amounts than Kaolinite from initial to final stage. For 
25 mg/1 phosphate, removal is practically the sane upto 3 hours 
and (jalicut laterite is more efficient with longer contact 
time. Moreover, the effect, of inter-lame Her removal by 
ha lloy site is abserved after 24 hours. For 50 mg/1 phosphate. 
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kaolinite is mare efficient in the initial stages but the 
equilibrium limit is reached after 18 hours. On the other 
hand, after this contact period, inter -la me Her removal by 
halloysite in Calicut later ite rapidly makes up for its 
initial low efficiency and the final removal is much higher 
than kaolinite. 

These differences between laterite and kaolinite must 
be due to the relative importance of (i) phosphate removal by 
positive sites on clays and iron oxides and (ii) phosphate 
removal by interlameller diffusion in halloysite. It 
appears that at relatively low phosphate levels,, the effect 
of the first type of removal is more in laterites which 
contain iron oxides along with clays. However, at higher 
phosphate levels, the rate of removal by positive sites on 
kaolinite alone is faster than that on the mineral mixture In. 
laterite. But the halloysite effect in laterite finally 
removes much more phosphate compared to kaolinite. 

’ Tie importance of the proportion of iron oxide and 
clays in lateritic soil in phosphate removal is also clear 
on comparing these results with the performance of the 
Varkala Soil (Table 9). This soil with lower clay fraction 
and iron ocide removed less phosphate than kaolinite even 
at a low iiitial level of 2 mg/1 in normal as well as 
acidified solution. 
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Fig. 4.19 - Sketch of x-ray Diffraction Pattern of Commercial 
Kaolinite. 
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Table 4 - Data of phosphate removal by Calicut lateritic soil (P , ==10mg/l) (t=27 °C) 
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T slo le t — Data of phosphate irernov al by Calicut latcuitic soil (P ^— 50 ing/ 1 ) (t — 25 C) 
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Table 7 - Efficiencies of phosphate removal from 

normal solutions by Calicut soil 


Initial PO. 

h 

concentration 

(P ± ) (mg/1) 

Efficiency of 
Removal (e) (%) 


2.0 

100 


5.0 

100 

AEC = 12.5 

10,0 

98 

me/lOOg of soil 

25.0 

90 



50.0 80 


Table 8 - l 

if: iciencit : . of phosphate removal from 
acidiifod solutions by Calicut soil 

Initial PO, 

Efficiency of Removal 

'•i 

concentration 

(e) (%) 

1 

(P i ) (rr.g/1) 


2.0 

100 


5.0 

10.0 

25.0 


100 

100 


AEC = 15.00 
me/lOOg of soil 


50.0 


100 

98 
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Table 10 - Data of phosphate removal by commercial Kaolinite (p . = 2 mg/1) (t=34°C) 
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Table 12 - Data of phosphate removal by commercial Kaolinite (P^ = 10 mg/1) (t=36°C) 
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Table 14 - Data of phosphate removal by commercial Kaolinite (P^ = 50 mg/1) (t~34°C) 
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Table 15 - Efficiencies of phosphate removal from 

normal solutions by kaolinite 


Initial PO^ 
concentration 
(P i ) (mg/1) 

Efficiency of 

Removal (e) 


2,0 

100 


5.0 

10.0 

25.0 

100 

AEC = 9.06 

82 . . 

me/lOOg of 
70 

soil 

50.0 

58 


Table 16 — Efficiencies * of phosphate removal from 

acidified solutions by kaolinite 

Initial PO 
concentration 
(P ± ) (mg/1) 

Efficiency of 

Removal (e) 



2.0 

100 


5.0 

100 

AEC = 9.68 

10.0 

90 

me/lOOg of soil 

25.0 

76 


50.0 

62 




CHAPTER V - CONCLUSIONS AND FURTHER WORK ' 

5.i. CONCLUSIONS : 

"The following conclusions nay b^drawn from the present 

study: 

(1) Calicut- later itic soil is definitely better suited than 
commercial kaolinite for phosphate uptake, it has an 
efficiency of 98 to 100 percent in the temperature range 
of 25 to 28 °C, Varkala lateritic soil, on the other hand 
is much less efficient at the same soil to solution ratio 
at 33°C. 

(2) Presence of abundant iron oxides made the Calicut soil more 
efficient for phosphate uptake. Positive charge over iron 
oxides surfaces was found to be responsible for the observed 
high phosphate uptake capacities. Lesser proportion of 
iron oxides and clay minerals in Varkala lateritic soil 
together with high quarts and feldspar contents made it 
comparatively inefficient. 

(3) Kinetic interpretations of the removal data showed four 
stages: (1) Instantaneous removal on surface sites of iron 
oxides and clay minerals, (2) Saturation of these sites and 
the first equilibrium stage, (3) Gradual removal into the 
interlamellar sites of halloysite, and (4) Saturation with 
final equilibrium stage. 

(4) In commercial kaolinite, phosphate uptake was restricted 
to the edges of the particles. 



85 


(5) Due to acidification of the solutions* increase in the 
phosphate uptake capacity was more for Calicut later itic 
soils than Kaolinite. 

(6) Varkala lateritic soil showed an improement in its 
uptake efficiency, on increasing soil to solution ratio, 

5 ' 2 * SCOPE DOR FURTHER WORK : 

For a complete understanding of the process of phosphate 

removal by lateritic soils, several factors in addition to pH, 

./ 

initial phosphate concentration and contact time can be 

investigated; 

(1) I^ore detailed information is required on the effect of 
soil to solution ratio. The single experiment with 
Varkala soil in this work indicates this to be an 
important parameter. 

(2) These experiments were conducted with a uniform grain 
size of the soils (sieved in the range of 0.18 to 0*25 mm). 
Litrature review shows that surface adsorption depends 
strongly on grain size of the adsorbant particles. It 
is expected that removal will increase with decrease in 
grain size of the soils, but may have an optimum size 
for maximum efficiency. This fact should be verified 
by proper experiments,. 
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(3) Commercial feasibility of adsorption reactions would 
also depend on subsequent desorption down concentration 
gradients, it is iinpor tant to tabulate the adsorption- 
desorption fractions of phosphate removal by lateritic 
soil » 

(4) The change in mineral structure, if any# after adsorption 
can be studied by the Z~ray and DTA pattern of the soil 
after de sorption „ The part held permanently by the 
mineral may cause expansion of lattice and thermal effects 

(5) Although phosphate was selected in the present experiments 
for its double role in pollution and fertilizer 
application, it is obvious that the removal mechanism 
will be better understood if similar experiments are 
conducted with other anions like F~, N0~’ or organic 

sub stances e.g. dyes and detergents. 
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